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10 INTRODUCTION
1.1  Background

Thisdocument isthe ETV Testing Plan for Reverse Osmaosisand Nanofiltration Processesfor the Removal
of Nitrates from Contaminated Water. This Testing Plan is to be used as a guide in the development of
Product- Specific Test Plan (PSTP) procedures for testing reverse osmosis and nanofiltration (RO/NF)
trestment equipment, within the structure provided by the ETV Protocol Document for nitrate removal.
Refer tothe Test Plansfor Equipment Verification Testing for Physical- Chemica Remova of Nitraieby lon
Exchange and Membrane Processes for further information.

Thisdocument is gpplicable only to pressure-driven membrane processes such asRO/NF. Thisdocument
iISNOT applicable to eectrically-driven, thermaly-driven, or concentration-driven membrane processes.

Standard pretreatment such as cartridgefiltration and acid and/or antiscalant addition included inaRO/NF
treatment system that isto be evauated for removal of nitratesis considered anintegra part of the trestment
system. In such cases, the system shdl be considered asasingle unit and the pretreatment process shal not
be separated for optional evauation purposes.

Additiona pretreatment processes which may be required to reduce particleloading to the RO/NF system
for surface water applications are considered to be a separate treatment module whose performance and
operation are outside the scope of thisdocument. Where such pretreatment is required to meet reduce the
fouling potentid of the RO/NF feedwater as measured by st dendity index and turbidity values.

In order to participate in the equipment verification process for RO/NF processes, the Equipment
Manufacturer shall retain an NSF-qudified Fied Tegting Organization (FTO) to employ the proceduresand
methods described in this test plan and in the referenced ETV Protocol Documert as guiddines for the
development of the PSTP. The proceduresshall generdly follow those Tasksreated to Verification Testing
that are outlined herein, with changes and modifications made for adaptations to specific equipment. At a
minimum, the format of the procedures written for each Task should consist of the following sections:
- Introduction

Objectives

Work Plan

Andyticd Schedule

Evduetion Criteria

20 GENERAL APPROACH

Tedting of equipment covered by this Verification Testing Plan will be conducted by an NSF-qudified
Testing Organization that is selected by the Manufacturer. Water quality andytical work to be carried out
asapart of this Verification Testing Plan will be contracted with a state-certified or third party- or EPA-
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accredited |aboratory.

The FTO sndl provide full detall of the procedures to be followed for each task in the PSTP. The FTO
shall specify the operationa conditions to be evaluated during the Verification Testing.

3.0 OVERVIEW OF TASKS

This ETV Tegting Plan is divided into 6 tasks. A brief overview of the tasks to be included in the
verification testing program is presented below.

31 Task 1: Characterization of Feed Water

A full characterization of the source water must be made prior to initiating operation so that the potentia for
fouling and minerd precipitation (scaling) can be defined. Results of this andysis will be usad to define
feedwater pretrestment requirements and system operating conditions, and to identify potentia foulantsin
the source water for monitoring during operation.

3.2 Task 2: RO/NF Performance

The objective of thistask isto evauate RO/NF operation. RO/NF productivity and the rate of fouling will
be evduated in relation to feed water quaity. The relative fouling rates will be used, in part, to evaluate
operation of the RO/NF equipment under the flux and recovery conditions to be verified.

33 Task3: Product and Waste Water Quality

The objective of thistask isto evauate the quaity of water produced by the RO/NF system, referred to as
product water or permeate. Multiple water quality parameterswill be monitored during each operationa
period. A basc god of this Task is to confirm that RO/NF-treated waters meet the manufacturer’s
gtatement of performance objectivesfor nitrate. Permeete quaity will beevauated in relation to feed water
qudity and operationa conditions. The waste water (concentrate) stream will aso be characterized.

34 Task 4 RO/NF Cleaning

An important aspect of RO/NF operation is the restoration of membrane productivity after fouling has
occurred.  The objective of this task is to evaduate the efficiency of membrane cleaning. Normaized
product flow, normalized sdt passage, and differentia pressure before and after cleaning will be used asthe
primary criteriafor evauation of cleaning effectiveness.

35 Task 5: Data Reduction and Presentation

The objective of this task is to establish an effective field protocol for data management at the fied
operations site and for data transmisson between the FTO and NSF for data obtained during the
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Verification Testing.
36 Taské: Quality Assurance/Quality Control

An important aspect of Verification Testing is the protocol developed for qudity assurance and qudlity
control. The objective of this task is to assure accurate measurement of operationa and water quaity
parameters during Verification Testing.

4.0 TESTING PERIODS

If the source water isagroundwater which exhibitslittle or no sgnificant changesin seasond water qudity,
the required operationa tasks in the Verification Testing Plan (Tasks 1-4) shdl be performed once
(minimum) or twice (preferred) over aone-year period. Each test run, excluding equipment mobilization,
gartup/troubleshooting, and demobilization is to be based on a minimum of 1,000 hours of membrane
System operation.

A schedule describing the sequence and duration of each of the required tasksis provided in Figure 1. In
the rare event that the source water is a surface water, the operationd tasks shal be performed for four
weeks each quarter over acaendar year.

Task Name We Wee We We Wex Wex Wex We We Wee Week 11

Task 1: Characterization of Feed Water r
Review Historical Data

1st Grab Sample *>
2nd Grab Sample *
Results Compiled L4

Task 2: Membrane Flux and Recovery ?
Equipment Setup
Startup and Troubleshooting =
Membrane Setting —
Generate Flux Decline Curve

Task 3: Product and Waste Water Quality
Generate Samples
Analysis

Task 4: Membrane Cleaning
Clean

Operate to Confirm Cleaning Effectiveness
Task 5: Data Reduction and Presentation

Compile Operational Data

Compile Water Quality Data

Data Reduction

Data Completed *
Task 6: Quality Assurance/Quality Control

Figure 1- Membrane Treatment System Verification Testing Schedule
(Single Test Period)
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5.0 DEFINITION OF OPERATIONAL PARAMETERS

The following definitions are used to characterize performance of the RO/NF system.

51 Permeate: Product water produced by the RO/NF treatment system.

52  System Feedwater: Source water introduced into the RO/NF trestment system for treatment.

5.3  Element Feedwater: Water introduced into the RO/NF dement, conssting of system feedwater
for angle- pass systems, or a combination of system feedwater and recycled concentrate for systems with
concentrate recycle.

54  Membrane Fouling: A reduction in permeate flux caused by the accumulation of feedwater
contaminants within or on the surface of the membrane or within or on the feedwater spacer. Fouling that
can be restored by hydraulic or chemica meansistermed “reversble’ fouling. In contragt, “irreversble’
fouling is defined as a permanent loss in permeste flux that cannot be restored by hydraulic or chemica
means.

55  Stage: Anassemblageof oneor more pressurevessals, each containing between three and seven
membrane dements, plumbed to receive acommon feedwater. Each vessd receives approximately equa
feed flow, produces approximately equa permeate and concentrate flow and operates a equa recovery.

5.6  Feedwater System Recovery: Theratio of permeateflow to syslem feedwater flow, expressed
as apercentage;

Q, U
% System Recovery = 100x é——(

eQr g

Where: Qp
Qr

Permesate flow rate
Feed flow rate to the membrane system

5.7  MembraneElement Recovery: Therdtio of permeateflow to e ement feedwater flow, expressed
as a percentage:

€ Q u
% Element Recovery = 100 x &————
@Qf + Qr 9]
Where: Qv = Permeateflow rate
Qs = Sydem feed flow rate to the eement
Q = Concentrate recycle flow rate to the dement (if present)

5.8 Permeate Flux: The flow of permeate produced by the RO/NF system divided by the totd
membrane surface areaof dl dementsin the systlem. Permeste flux iscalculated according to thefollowing
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formula

Q
J = E"
Where: N = Peameate flux at timet (galons per square foot per day)
Qp = System permegte flow at time't (gpd)
S = Membrane surface area (ft%)

59 Salt Passage: The ratio of the concentration of any sdt present in the permesete to its
concentration in the feed stream, expressed as a percentage:

CP
P =—x100
Cf
Where: SP = Sdtpassage
Co = Permeate concentration for agiven sdt (mg/L)
C = Feed concentration for agiven salt (mg/L)

510 TemperatureAdjustment for Permeate Flow and Salt Passage Calculations: How of water
and sat through a RO/NF membrane is proportiona to feedwater temperature based primarily on the
viscosty of water. Permeate flow and salt passage must be corrected to areference temperature of 25°C
to enable an accurate determination of how changes in these parameters are affected by feedwater
condtituents according to the following equation:

Jr

‘]25 = 1'03(T—25)
Where: Js = Ingtantaneous flux at reference temperature of 25°C (gfd)
N = Ingantaneous flux at operating temperature T (gfd)
T = Operating temperature (°C)

In many cases, membrane manufacturers have developed temperature correction factor (TCF) vaues
gpecific to their membrane products that are more accurate than the equation shown above. Where
avallable, the manufacturer-provided TCF should be used.

511 Feed-Concentrate Differential Pressure: The difference in measured pressure between the
feed stream and the concentrate stream of astage of the membrane array or of the entire membrane system.
Expressed as an equation:

DP=P - R
Where: DP = Feed-concentrate differential pressure (ps)

P = Feed stream pressure for a stage or the system (psig)

Pe = Concentrate stream pressure for a stage or the system (psig)

5.12 Differential Osmotic Pressure: The difference in osmotic pressure between the feed and
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permesate streams. Osmotic pressure of the feed is defined as average osmotic pressure of the feedwater
into and the concentrate out of the membrane system. Osmotic pressure isameasure of the force exerted
by the natura tendency of water to flow across a semi-permeable membrane from asolution of lower sdt
concentration to a solution of higher salt concentration. Expressed as aformula

Dp dDS, +TDS.0 TDSQ 0.01
= - - uXx~o.
& g g

2

Where: Dp Differential osmotic pressure (ps)
TDS; = Feedwater totd dissolved solids (mg/L)
TDS: = Concentrate tota dissolved solids (mg/L)
TDS, Permeate totd dissolved solids (mg/L)

5.13 Net Driving Pressure: Thepressure availableto drivewater through the membrane, equd tothe
average feed pressure (average of feed pressure and concentrate pressure) minus the differential osmotic
pressure, minus the permesate pressure. Expressed as aformula:

£Df + Pco
NDP = > 5 Dp- P,
Where: NDP = Net Driving Pressure (ps)
P = eed pressure (ps)
P. = Concentrate pressure (ps)
Dp = Differentid osgmotic pressure (ps)
Py = Permesate pressure (ps)

5.14 Normalized Product Flow: To clearly observe changesin permesate flux caused by membrane
fouling or scaling, measured permeete flow must be corrected or “normalized” for variationsin Net Driving
Pressure and Temperature, using the following formula:

NDP TCF,

NPF = Ll
NDP " TCF,

xQ,

Where: NPF = Normdized product flow (gpm)
NDP;, = Net Driving Pressure a initial conditions of operation (ps)
NDP; = Net Driving Pressure cacuated at timet (ps)
TCF = Temperature Correction Factor based on temperature at initial
conditions of operation
TCF, = Temperature Correction Factor based on temperature at timet

Q= permesteflow (gpm)

5.15 Normalized Salt Passage: To more clearly observe changesin the flow of any sat through the
membrane caused by membrane fouling and scaling or changes in the permesbility of the membraneitsalf
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from exposure to feedwater condtituents, sdt passage is normdized using the following equation
NDR Cfb i Cft

= X X
NDP.  C,, C,

NSP X SP

Where: NSP = Normalized sdt passage (%)
NDP, = Ne Driving Pressure at initia conditions of operation (psi)
NDP; = Net Driving Pressure cdculated at timet (ps)
Cwnt = Feed-brinesdt concentration at timet (see below)
Cwi = Feed-brine st concentration at initid conditions of operation (see
below)
Cit = Feedsdt concentration at timet (mg/L)
Cii = Fead st concentration at initid conditions of operation (mg/L)
SP = SAt passage (%)

5.16 Feed-Brine Salt Concentration: The Feed-Brine sdt concentration used in the cdculation of
Normdized sdt Passage is defined by the following equation:

nEc;

C. =
fb 1 @f 0
&G,
Where: Ch = Feed-Brine sdt concentration
Ch = Brine (concentrate) sat concentration (mg/L)
Cs = eed sdt concentration (mgy/L)

6.0 TASK 1. CHARACTERIZATION OF FEED WATER

6.1 I ntroduction

This task involves a complete characterization of the raw water being fed to the treatment sysem. The
information is required to determine the suitability of the water source asfeed water for verification testing,
and to document parameters which may be important in predicting the fouling and scaling tendencies of the
water source.

6.2  Objectives
The objectives of thistask are asfollows.

Obtain acompletechemicd and physica characterization of the sourcewater or feed water that
will be subject to trestment.
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|dentify potentid membrane foulants and scdants (turbidity, bacteria, sparingly soluble sdts,
etc.) that will determine the type and degree of feedwater pretreatment and that must be
monitored during system operation.

Verify that the water as sampled is representative of the source water based on historical data
(where available).

6.3 Work Plan

This Veification Tesing Plan is based on the assumption that RO/NF for nitrate remova will be
predominately applied to groundwatersthat are not subject to significant seasona changesin water qudity.
Application of membrane trestment systemsto surface watersrequiresasignificantly different gpproach then
that outlined here in order to address seasond variations in water quality.

Most water sourceswill not have pre-existing water qudity dataof sufficient detail to alow an evauation of
the proper application of RO/NF. Completion of this task involves the following:

Anaysisof grab samplesfor adetailled water quality andyss. The parameters evauated will
dlow cdculation of acomplete cation/anion baance, in addition to genera physica/chemica
measurements and limited microbiologica and organic andyss.

A review of sdected hidorical water qudity data, where avalable.  This will dlow
determination of trends in key water quality parameters such as nitrate and TDS or
conductivity, as well as dlowing verification thet the water qudity measured by the grab
samplesis representative of the recent historica data.

Cdculation of the scaling potentia of the source water to be treated. Thisincludes estimating
the concentrations of the following saltsin the membrane concentrate stream at the membrane
system operating conditions proposed by the Manufacturer in Task 2 to the degrese, if any, that
these sdts will be present in the concentrate siream in excess of their theoretical solubility:

- calcium carbonate
- cdcum aulfate

- barium sulfate

- grontium sulfate
- cdcium fluoride

- Slica

The FTO shdl include in the PSTP guidelines for maximum percent saturation for each of the above sdts
during RO/NF system operation assuming the use of gppropriate scae inhibiting chemicas.

6.4  Analytical Schedule

Parameters required for acomplete evaluation of source water quaity are presented in Table 1. Table 1
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identifies required and optiona parameters for evaluation by andyss of grab samples.

Tablel

Raw Water Characterization

Parameter | Grab Samples
General/Physical Parameters
Temperature Required
pH Required
TDS Required
Conductivity Required
Silt Density Index Required
Turbidity Required
Particle Counts Optional
Color Optional
Taste and Odor Optional
I norganic Cation/Anion Balance
Ca" Required
Mg" Required
Na’ Required
K* Required
NH,* Optional
Sr? Required
Ba' Required
Fe' Required
Mn*? Required
CO;*? Required
HCOy Required
S0, Required
Cr Required
NO5 Required
F Required
CO, Required
H,S Optional
SO, Required
Organic/Microbiological
Total Organic Carbon Required
Total Coliforms Optional
Heterotrophic Plate Count Required
UV absorbance (@254 nm) Optional
AOC/BDOC Optional

(1) Report the mean and standard deviation of a mini-mum of
two grab samples taken at least 10 days apart.
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Parametersto be andyzed from grab samples should be taken from aminimum of 2 samplestaken a least
10 days apart. Potential sources of historica data include the United States Geologica Survey, US
Environmental Protection Agency, and state and locdl laboratories.

Manufacturers intending to have their equipment verified for uses other than nitrate removad may wish to
characterize the source water in terms of additiona parameters besides those identified in Table 1.

6.5 Evaluation Criteria

Feed water qudity will be evaluated in the context of the Manufacturer's satement of performance
objectives. The feed water should chdlenge the capahiilities of the equipment with respect to nitrate
concentration but should not be beyond therange of water quaity suitablefor treatment for theequipment in
question.

The detailed water qudity andyss results will alow an estimation of which sparingly soluble sdts, if any,
present apotentid for scaling by mineral precipitation a the water temperature and recovery conditionsto
be tested. The andysis will dlow proper sdlection of the chemical pretrestment (acid addition and/or
antiscalant addition) and the design recovery of the RO/NF system. The water qudity analysis will dso
determineif feedwater pretreastment isrequired to reduce fouling tendency. If turbidity or St density index
vaues exceed membrane-industry accepted criteriaor if microbiologica indicators suggest thet biologica
fouling potentid is sgnificant, the Manufacturer will be required to provide pretrestment to adequately
address these concerns.

7.0 TASK 22 RO/NF PERFORMANCE

7.1 Introduction

The purpose of thistask isto verify that the RO/NF system, when tested in accordance with Manufacturer-
selected operating conditions on the selected source water, can maintain performance as defined by:

Productivity (product flow)
Permeste nitrate concentration (and other sdlts, if gpplicable)

Feedwater system recovery over a specified period of operation

A further purpose of thistask isto demondrate that changesin thelevd of these performance characterigtics
caused by membrane fouling or other interactions between the RO/NF system and the feedwater can be
adequately managed through chemica cleaning of the membrane eements a an acceptable frequency.

In this task, the RO/NF system will be operated at conditions of constant permeate flux and recovery as
gpecified by the FTO, and the normdized product flow, normaized sdt passage (as measured by
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conductivity) and their changes with operating time will be measured. As fouling occurs and normdized
product flow declines or normalized sat passageincreasesto pre-determined va ues (proposed by the FTO
and agreed to by NSF), the RO/NF system will be chemically cleaned per Task 4 to removefoulantsand if
possble, scdants. The efficiency of cleaning will then be assessed by measuring the degree to which
normalized product flow has been increased and/or normalized sat passage has been decreased upon
subsequent operation of the RO/NF system.

In the event that fouling rates are judged to be excessive and/or chemical cleaning efficiency less than
desired, the Manufacturer shdl propose revised operating conditionsto reducefouling rate. The effect of
the new conditions of membrane productivity will then be determined by additiona testing.

Prior to the start of the Verification Testing Program, the operationa conditions to be verified shdl be
specified by the FTO in terms of an average permesate flux (gfd), feedwater recovery, and maximum sat
passage (or its converse, minimum sat rejection) a a reference temperature of 25°C.

Thedegree of fouling or scaling that occurswithinaRO/NF systemisafunction of sourcewater quaity and
operationa conditions. Waters with high particle loads or greater concentrations of sparingly soluble sdts
generdly produce increased fouling and scaling.  Feedwater, permegte and concentrate streams will be
sampled for water quality parameters critica to the assessment of membrane productivity as they relate
directly to fouling or scding potentia.  This sampling will be conducted in conjunction with sampling
performed under Tasks 1 and 3. Flow, temperature, pressure and conductivity data shal be collected to
quantify changesin the following parameters.
Normdized product flow

Normaized salt passage
Feed-concentrate differentia pressure

The testing runs conducted under thistask shdl be performed in conjunction with Tasks3and 4. Withthe
exception of additiona testing periods conducted at the FTO’ s discretion, no additiona RO/NF test runs
are required for performance of Tasks 3 and 4. This task shall be performed once (minimum) or twice
(preferred, within a one-year period, with a minimum of 6 months between test runs).

7.2  Objectives
The objectives of this task are to document the following:

Operationa conditions for the RO/NF system.
Feedwater system recovery achieved by the RO/NF equipment.

Therate of change in normaized product flow, sat passage and feed-concentrate differentia
pressure and associated operating times between cleanings based on these rates.
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Veification of RO/NF system operation shal aso gpply to operating conditions that are considered less
stringent than those conditionstested; examples of less stringent conditionswould include operation at lower
membrane flux (lower permeste flow) and lower product water recovery.

7.3 Work Plan

The PSTP shdl specify information concerning design and operation of the RO/NF treatment system being
evauated, usng the following categories as specified in Table 2:

System design criteria
Operating conditions (including those for pretrestment and RO/NF systems)

Written procedures for operation and maintenance

Cleaning Criteria. Specify dlowable changes to the following parameters, which indicate a
need for cleaning of a stage of the array or the entire system:

- Percent loss of normalized product flow

NPF riginal NPF oul
NPF % Loss = ——— o rou
NPFOriginal
- Percent increase in normalized salt passage
NSD oul - NSD riginal
NSP % Increase = ———— orgr
NS:)Original
- Percent increasein feed- concentrate differentia pressure (across each sage and/or
the RO/NF system)
DP ou - DP riginal
DP % Increase = ——— rore
I:]:)Original

After startup of the RO/NF equipment, membrane operation should be established &t the permeeteflux and
recovery conditionsto be verified. Inthe event the temperature of the feedwater differs sgnificantly from
25°C, the Manufacturer shdl provide a temperature-specific permeate flux (normaized to account for
differences in temperature between Manufacturer-specified and actuad). The RO/NF system may be
operated for up to 24 hoursto dlow the membrane eements to come to equilibrium prior to the start of
data used in the flux decline cdculations (membrane siting).

Following the membrane setting period, the treatment system should be operated until one or more of the
cleaning criteria specified in the PSTP are met or atota of 1,000 hours of run timeisachieved (whichever
occursfirst). Theobjectiveof operation isto attain 1,000 hoursor operation without the need for chemical
ceaning. If the rate of change in normaized product flow, normalized sdt passage or feed-concentrate
differential pressure resultstriggers one or more cleaning criteria before the 1,000- hour operating period is
complete, chemica cleaning shall be performed per Task 4 and adjustmentsto operation shall be madeto
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reduce the rate of change in these performance parameters (such as a decrease in permesate flux or
feedwater system recovery).

Decisions on operating condition adjustments shall be made based upon the Manufacturer’ sexperienceand
consultation with the FTO respongible for performing the study. If subsequent operation at the new
conditions results in the need for a second cleaning prior to the attainment of 1,000 operating hours,
chemicd deaning shdl again be conducted and cleaning efficiency determined. RO/NF system operating
conditions shdl then befurther adjusted to provide for an acceptablerate of changeto attain 1,000 hour sof
operation between cleanings. Each recommended changein operating conditionsshdl befirst gpproved by
NSF and the FTO.

During operation, data for the operational parameters identified in Table 3 should be monitored and
recorded ether continuoudy by means of on-lineinsrumentation, or & aminimum of twice daily by manua
measurement. Requirements for water quaity monitoring during operation are presented in Task 3.

Additiond testing may aso be included in the PSTP in order to demonstrate RO/NF performance under
different feedwater quality conditions. The FTO shdl perform testing with as many different water qudity
conditions as desired for verification datus. Testing under each different water qudity condition shdl be
performed during an additiona 1,000-hour testing period, as required above for each additiona set of
operating conditions.

7.4 Analytical Schedule

A samplematrix of operation monitoring points, parameters, and frequency for atypica two-stage RO/NF
trestment system with concentrate recycle (see Figure 2) ispresented in Table 3. Themanufacturer should
adopt the operationa data collection locationsto the particular geometry of the RO/NF system. Ingenerd,
adequate data must be documented to alow evauation of each stage of the system independently, aswell
as documenting operation of the trestment system as awhole.

7.5  Evaluation Criteria
Provide tabular data for the parameterslisted in Table 3.

Provide graphs of the following parameters versus elapsed run time:
- Temperature
Hux
Recovery
Feed Pressure
Normalized product water flow
Normalized salt passage
Feed- concentrate differentia pressure (across each stage)
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Table?2

Membrane Treatment System Information to be Provided in Manufacturer PSTP

Parameter, units

Comments

System Configuration

Number of stages

Number of pressure vessalsin each stage

Number of membrane € ements per pressure vesse

Surface area per membrane eement, F

Acid addition

Type and dose

Antiscaant addition

Type and dose

Cartridge filtration, nm

Nominal rated pore Sze

Other pretreatment

Describe if used

Operating Conditionsto be Evaluated

Recovery per stage, %

Recovery for system, %

Desgn flux, gfd

Feed water temperature

Feed water pH

Feed water nitrate concentration

Feed water TDS

Concentrate recycle rate, gpm or %

Operations and Maintenance Procedur es

System sartup

Normal operation

Temporary system shutdown (flush)

System shutdown < 48 hours

Prolonged system shutdown (preservation)

System shutdown >48 hours

Cleaning Criteria

Allowable normdized product flow decline, %

Percent reduction from initid vdue

Allowable increase in differentia pressure, %

Percent increase from initid vdue

Allowable normalized sdlt passage increase, %

Percent incresse from initid vaue
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NITRATE
-————--- AUGMENTATION
(OPTIONAL)

CONCENTRATE RECYCLE

A
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FLTER FEED PUMP STAGE 1 STAGE 2

RAW WATER BYPAS

Figure 2 - Sample Monitoring Pointsfor 2-Stage Treatment System
with Concentrate Recycle and Raw Water Bypass

LVV—'J A

Table3
Sample Operational Data Collection Matrix

Monitoring L ocation Temper- Flow | Pressure | Conduct-
(Refer to Figure 2)? ature ivity

Raw Water
Membrane Feed Water
Stage 1 Permesate
Stage 1 Concentrate
Stage 2 Permeate
System Concentrate
System Permesate

7 |Blended Product Water
(1) Adopt the operationa data collection locations to the particular geometry of
the membrane system

2 indicates no monitoring reguirement

N[O~ IWIN(F

7.6  (Optional) Nitrate Spiking

If the nitrate concentration at the test dte does not chalenge the treatment system to the imits of its
performance objectives, an optional nitrate augmentation procedure may be used after the required 1,000
hour operating period is completed. Nitrate spiking would alow demondtration of product water quality
under conditions of elevated nitrate in the feed water.

To spike nitrate, use of an appropriate spiking solution and metering pump will be required. A solution
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prepared from amonovalent nitrate salt (sodium nitrate, potassum nitrate) is preferred to avoid inadvertent
addition of a cation that might increase the scaling potentia of the test water. Use of nitric acid as nitrate
sourceisnot recommended because it would interfere with proper documentation of the acid doserequired
to prevent scaling.

Where nitrate spiking is proposed, the FTO must detail proceduresfor preparation of the spiking solution,
and procedures for proper mixing of the spiking solution into the feedwater. The spiking solution must be
added to the feed water prior to any other chemical addition (acid or antiscalant), prior to the point of
concentrate recycle into the feed water (if used), and prior to raw water bypass for permegte blending.
Refer to Figure 2 for an example of a proper spiking solution addition point.

Where nitrate spiking is proposed, the FTO may choose to operate over a range of feed nitrate
concentrations. For each target nitrate concentration to be tested, the system should be operated for at
least 5 days (120 hours) to alow steady- state performance to be achieved.

80 TASK 3 PRODUCT AND WASTE WATER QUALITY

8.1 Introduction

Thistask involves acharacterization of product and waste quality during the system operation described in
Task 2. Product water andysiswill serveto document that the treetment system meetsthe nitrate removal
performance criteriafor which the manufacturer is seeking verification. Additiond water quaity information
isrequired to identify performance of the treetment system relativeto any potentid foulantsidentified during
the raw water characterization performed in Task 1.

The quaity and quantity of concentrate produced by the RO/NF trestment system is a very important
consderation in determining the efficacy and codt- effective use of the RO/NF treetment sysem. Regulators
responsible for permitting the safe and environmentally acceptable disposal of the concentrate typicaly
require preciseinformeation regarding physica, chemicd and microbiologicd characterigtics, dong with other
information relating to the biotoxicity of the concentrate. Costsfor concentrate disposal can be significant
based on the type of disposa option selected, particularly for those not utilizing a direct discharge to a
surface water body.

8.2  Objectives
The objectives of thistask are asfollows:

Assess the ability of the RO/NF equipment to meet the water qudity gods specified by the
Manufacturer.
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Monitor the concentrations of any potentid foulants and sparingly soluble sdts that may
interfere with the long-term operation of the treatment sysem. Examples include turbidity,
cdcium, dkainity, and bacterid plate counts in the feed water asidentified in Task 1.

Characterize the volume and composition of the wastewater (concentrate) produced by the
process.

8.3 Work Plan

Water quality datashall be collected for the RO/NF treatment system feedwater, permeste and concentrate
asshownin Table4, during the RO/NF test runsof Task 2. At aminimum, the required sampling schedule
shown in Table 4 shal be observed by the FTO on behdf of the Manufacturer. Water quaity gods and
target remova goals for the RO/NF equipment shall be clearly delinested in the PSTP.

A lig of the minimum number of water quality parameters to be monitored during equipment verification
testing is provided in the Analytica Schedule section below and in Table 4. The actud water quality
parameters selected for testing and monitoring shall be stipulated in the PSTP. The limiting salt cation and
anionligedin Table4 shal be determined from source water analyses and estimation of concentrate stream
concentrations of the sparingly soluble sdlts asrequired under Task 1. Each sdt that has been determined
to be present in the concentrate at level's exceeding theoretica solubility or for which chemica conditioning
of the feedwater is required to control solubility shall be monitored per the requirements of Table 4.

The FTO shdl identify the trested water quaity objectivesto be achieved in the statement of performance
objectives of the equipment to be evduated in the Verification Testing Program  The statement of

performance objectives prepared by the FTO shadl indicate the range of water qudity under which the
equipment can be chalenged while successfully treating the feedweter.

Although this Verification Testing Plan and the ated protocol are oriented towards removd of nitrate,
the Manufacturer may desire to evauate the treatment system’s remova capabilities for additional water
qudity parameters.

Many of thewater quaity parameters described in thistask shdl be measured ontsite by the FTO (refer to
Table5). Andysisof theremaining water quality parametersshal be performed by astate- certified or third
party- or EPA-accredited andytica [aboratory.

Theandyticd methods utilized in thisstudy for on-ste monitoring of feedwater and permeate water qudities
are described in Task 6, Quality Assurance/ Quality Control (QA/QC).

Where gppropriate, the Standard M ethods reference numbersand EPA method numbersfor water quality
parameters are provided for both field and laboratory anaytical procedures.

For the water qudity parameters requiring analysis at a state- certified or third party- or EPA-accredited
laboratory, water ssmples shall be collected in appropriate containers (containing necessary preservativesas
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goplicable) prepared by thelaboratory. Thesesamplesshdl be preserved, stored, shipped and andyzedin
accordance with appropriate procedures and holding times, as specified by the andytica |ab.

Table4
Sample Water Quality Data Collection Matrix

Twiceper Day Once per Day Once Every 5 Days

Monitoring Location | pH | Nitrate | Turbidity | Silt Other | Alka- [Calcium|[Limiting|{Limiting| Other
(Refer to Figure 2) Density|Potential | linity | Hardnes| Salt Salt |[Scalants
Index |Foulants S Cation | Anion

) @ 4| 8 | @

[ERN

Raw Water

2 [Membrane Feed
Water

Stage 1 Permeate

Stage 1 Concentrate

Stage 2 Permeate

System Concentrate

System Permeate

(oo} NN I IO | BNy BGV]

Blended Product
Water

(1) Adopt the operational data collection locations to the particular geometry of the membrane
system

(2) If identified from raw water quality analysis, Task 1

(3) Asdetermined from raw water quality analysis, Task 1

(4) Limiting salts shall include one or more of the following: CaSO,, BaSO,, SrSO,, SO,, and CaF,

84  Analytical Schedule

Theminimum monitoring frequency for therequired water qudity parametersispresented in Table4. Atthe
discretion of the FTO, the water quality sampling program may be expanded to include agreater number of
water quality parameters and to require a greater frequency of parameter sampling.

Sample collection frequency and protocol shdl be defined explicitly by the FTO inthe PSTP, however, to
the extent possible, analyses for inorganic water quality parameters shdl be performed on water sample
diquotsthat were obtained s multaneoudy from the same sampling location, in order to ensurethe maxinum
degree of comparability between water quality analytes.

85 Evaluation Criteria

851 Nitrate Removal

The primary evauation criteriawill bethe ability to meet the degree of nitrate rgjection (expressed asa
percentage) clamed by the manufacturer for the gpplication being verified.
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9.0

9.1

Provide agraph showing the RO/NF feedwater and permeste nitrate concentrations as afunction of
€lgpsed operating time.

Provideagraph of nitratergection asafunction of elgpsed operation time, asdefined by the falowing:

_ o & - C,0
Nitrate Regjection (%) = g =x 100
C o
Where: Cs = Nitrate concentration in the feed water (mg/L)

Co Nitrate concentration in the product water (mg/L)

8.5.2 Fouling Indices

Provide graphs of RO/NF system feedwater turbidity and st densty index (SDI) asafunction of
€lgpsed operdting time.

Provide atable showing maximum, minimum, and average RO/NF system feedweter turbidity and SDI
vaues over the entire period of operation. The table shdl include a liging of the RO/NF
manufacturer’s recommended maximum turbidity and SDI vaues to ensure sstisfactory long-term
operation of the RO/NF dements and to ensure that the dement warranty is not voided.

8.5.3 Concentrate Stream Limiting Salts

Provide graphs of each limiting salt that was present in the system as afunction of €lgpsed operating
time. These graphs are required only where concentration of the salt is greater than theoretical
solubility or where chemica conditioning of the feedwater was used to control solubility.

Provide atable showing maximum, minimum, and average concentrate stream scaing indices over the
entire period of operation, or where the RO/NF system was operated at more than one feedwater
recovery, for each distinct period of operation. Includein thetable, percent saturation permittedby the
manufacturer of the RO/NF dements used in the study and for which verification is being sought.

TASK 4: RO/NF CLEANING

I ntroduction

During or following thetest runsof Task 2, the RO/NF equipment shall require chemical cleaning to restore
membrane productivity. The number of deaning efficiency evauations shdl be determined by the fouling
frequency of the RO/NF during each 1,000- hour test period. In the case where the rate of fouling islow
and the decreasesin normadized product flow or increasesin normalized salt passage do not reach chemica
cleaning criteriaas specified by the Manufacturer in Task 1, chemical cleaning shdl be performed after each
1,000- hour test of operation, with an eva uation of cleaning efficiency made by subsequent sysem operaion
for a period sufficient to determine cleaning impact.
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9.2  Objectives
The objectives of thistask are asfollows:

Evauate the effectiveness of chemicd cleaning for reverang lossesin normdized product flow
or increases in normalized salt passage to the RO/NF system.

Confirm that M anufacturer- recommended cleaning practices are sufficient to retore membrane
productivity for the systems being considered under the conditions being eva uated.

9.3 Work Plan

The RO/NF systems may become fouled during the RO/NF test runs conducted for Task 2. Thesefouled
membranes shal be utilized for the dleaning assessmentsherein. No additiona experimentsshdl berequired
to produce fouled membranes, cleaningwill only be conducted if fouling causes performancelossestolevels
recommended by the Manufacturer and as listed in the PSTP. |If losses are not sufficient, cleaning will be
conducted at the conclusion of each 1000- hour test to assess the cleaning efficiency reliveto the degree
that such losses were incurred.

Each sysem shdl be chemicdly cdeaned using deaning equipment (including chemicas) provided by the
Manufacturer and cleaning solutions and procedures specified by the FTO in the PSTP. After each
chemicd deaning of the membranes, the system shdl be restarted at test conditions and operated for a
period of 72 hours to monitor response to cleaning of the following productivity indicators:

Normalized product flow
Normalized salt passage
Feed-concentrate differentia pressure

Cleaning chemicasand cleaning routines shal be based on the recommendations of the Manufacturer. The
PSTP shdl specify in detall the procedure(s) for chemicd cleaning of the membranes. At aminimum, the
information in Table 5 shal be provided. In addition, a description of dl cdeaning equipment and its
operation shdl beincluded in PSTP.

9.4  Analytical Schedule
94.1 Sampling

The pH and temperature of each cleaning solution shal be determined and recorded during various
periods of the chemica cleaning procedure, asindicated in Table 5. No other water quaity sampling
shdl berequired.
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94.2 Operational Data Callection

RO/NF system performance datashdl be collected immediately preceding cleaning and for 72-hours
following return of the system to normal operation (following completion of cdeaning). If the
Manufacturer’s procedures required cleaning with two separate cleaning formulations, the 72-hour
operating period shdl be performed following the completion of theentire cleaning event (fina cleaning
formuletion).

95 Evaluation Criteria

At the conclusion of each chemica cleaning event and upon return of the RO/NF system to operation,
system operating data (pressure, flow, conductivity, and temperature) shall be recorded four times per day
for a72-hour period and each performance parameter cd culated (normalized product flow, normalized sdt
passage, and feed-concentrate differentia pressure). The twelve data vaues for each performance
parameter shal be averaged to obtain a*“post-cleaning” vaueto be used in deaning efficiency caculaions
decribedinthisTask. Theefficacy of chemica cleaning for each performance parameter shall be evaluated
as noted below, with comparisons drawn from the cleaning efficacy achieved during previous cleaning
evauations (where gpplicable). Comparison between chemicd cleanings shdl dlow evduation of the
potentia for irreversble fouling and projections for usable membrane life.

Two primary measures of cleaning efficiency and restoration of membrane productivity will beexaminedin
this task:
1) Theimmediate recovery of membrane productivity, consdering the value of the productivity
indicator a the start of therun, at the end of the run, and after cleaning.

NPFCIeaned B NPFFouIed)

NPFOrlgmaI - Fouled )

NSP Recovery(%) = (NPFFouled c.eaned)
(NPFFouled Orlglnal )

(DPFouIed Cleaned )

(DPFouIed - DPOriginaI )
2) Thelossof productivity, consdering the vaue of the productivity indicator at the start of therun
and after deaning:

NPF Recovery(%) = (

DP Recovery(%) =

& NPFCIeaned 0
NPF Loss(%) = gl-wé
Original

NSP Increase(%) = g’m 12
0 p— [
NSDOngmal ﬂ

I:)CI eaned

DP Increase (%) = DP
Original %}
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Table5
Data to be Recorded for Documentation of Cleaning Efficiency
First | Second
Par ameter Units | Solution| Solution Notes

Preliminary Flush

Source

Flow rate gpm

Volume or duration gd or min
Cleaning chemicals used

Cleaning solution batch volume ga

Citric acid Ibs

Sodium tripolyphosphate Ibs

Trisodium phosphate Ibs

Sodium EDTA Ibs

Anionic surfactant mL

Hydrochloric acid mL

50% Sodium hydroxide mL

Other: Other solution components

Other: List Proprietary cleaning

solution

Solution Recir culation/Soak/Recir culation

pH Note initial and final

Temperature deg C Note initial and fina

Initial recirculation period minutes

Initia recirculation pH

Initial recirculation temperature deg C

Appearance of solution Note color, solids, clarity, etc.

Soak period hours

Fina recirculation period minutes

Final recirculation pH

Final recirculation temperature deg C

Appearance of solution Note color, solids, clarity, etc.
Final Flush

Source

pH

Flow rate gpm

Volume or duration gd or min
(1) Provide datafor each stageif cleaned separately
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100 TASK 5: DATA REDUCTION AND PRESENTATION

10.1 Introduction

The data management system used in the verification testing program shdl involve the use of computer
Spreadsheet software, manua recording methods, or both, for recording operationa parameters of the
RO/NF equipment on adaily basis.

10.2 Objectives
The objectives of thistask are asfollows:

Egtablish aviable structure for the recording and transmission of field testing data such that the
Testing Organization provides sufficient and reliable operationd datafor verification purposes.

Develop a datistica andyssof thedata, asdescribed in Test Plansfor Equipment Verification
Tegting for Physical-Chemical Remova of Nitrate by lon Exchange and RO/NF Processes.

10.3 Work Plan

The following protocol has been developed for data handling and data verification by the Testing

Organization. Where possible, a Supervisory Control and Data Acquisition (SCADA) system should be
used for automatic entry of testing data into computer databases. Specific parcels of the computer

databasesfor operationa and water quality parameters should then be downl oaded by manud importation
into Microsoft Excd (or smilar spreadsheet software) asacommadeimited file. These specific database
parceswill beidentified based upon discrete time spans and monitoring parameters. 1n spreadsheet form,
the datawill be manipulated into aconvenient framework to alow analyss of equipment operation. Backup
of the computer databases to diskette should be performed on aweekly basis a a minimum.

Inthe casewhen aSCADA system isnot available, field testing operatorswill record dataand calculations
by hand in laboratory notebooks. (Daily measurements will be recorded on specialy- prepared datalog
sheets as gppropriate)) The laboratory notebook will provide carbon copies of each page. The origind

notebooks will be stored on-site; the carbon copy sheets will be forwarded to the project engineer of the
Tegting Organization at least once per week. This protocol will not only ease referencing the origina deata,
but offer protection of the origind record of results. Operating logs shdll include a description of the
RO/NF equipment (description of test runs, names of visitors, description of any problemsor issues, etc.);
such descriptions shal be provided in addition to experimenta calculations and other items.

The databasefor the project will be set up in theform of custom-designed spreadsheets. The spreadsheets
will be cgpable of storing and manipulating each monitored water quality and operationa parameter from
each task, each sampling location, and each sampling time. All data from the [aboratory notebooks and
datalog sheets will be entered into the appropriate spreadsheet. Data entry will be conducted onSte by
the designated field testing operators. All recorded caculationswill so bechecked at thistime. Following
dataentry, the spreadsheet will be printed out and the print-out will be checked againgt the handwritten deta
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sheet. Any correctionswill be noted on the hard-copies and corrected on the screen, and then a corrected
version of the spreadsheet will be printed out. Each step of the verification processwill beinitiaed by the
field testing operator or engineer performing the entry or verification step.

Each experiment (e.g. each test run) will be assgned arun number, which will then betied to thedatafrom
that experiment through each step of data entry and analysis. As samples are collected and sent to state-
certified or third party- or EPA-accredited | aboratories, the datawill be tracked by use of the same system
of run numbers. Data from the outsde laboratories will be received and reviewed by the field testing
operator. Thesedatawill be entered into the data soreadshests, corrected, and verified in the same manner
asthefidd data.

11.0 TASK 6: QUALITY ASSURANCE/QUALITY CONTROL

11.1 Introduction

Quality assurance and qudity control of the operation of the RO/NF equipment and the measured water
quality parameters shdl be maintained during the verification testing program.

11.2 Objectives

The objective of this task is to maintain strict QA/QC methods and procedures during the Equipment
Veification Testing Program. Maintenance of strict QA/QC proceduresisimportant, in that if aquestion
arisesswhen analyzing or interpreting data collected for agiven experiment, it will be possibleto verify exact
conditions a the time of testing.

11.3 Work Plan

Equipment flow rates and associated signals should be verified and verification recorded on aroutine bas's.
A routine daily wak through during operation shall be established to verify that each piece of equipment or
ingrumentation is operating properly. Particular care shal be taken to verify that any chemicasare being
fed a the defined flow rate into a flow stream that is operating at the expected flow rate, such that the
chemica concentrations are correct. In-line monitoring equipment such as flow meters, etc. shal be
checked to verify that the readout matches with the actua measurement (i.e. flow rate) and that the sgna
being recorded iscorrect. Theitemslisted arein addition to any specified checksoutlined inthe andytica
methods.

11.3.1  Daily QA/QC Verifications
Chemicd feed pump flow rates (verified volumetricaly over a specific time period)

Ortline turbidimeter flow rates (verified volumetricdly, if employed).
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11.3.2 Weekly QA/QC Veifications

In-line flow meters/rotameters (clean equipment to remove any debris or biologica buildup and
verify flow volumetricdly to avoid erroneous readings).

Recdibration of or-line pH meters and/or conductivity meters, if used.

11.3.3  Quarterly QA/QC Verifications
Ontline turbidimeters (clean out reservoirs and recdibrate, if employed)

Differentid pressuretranamitters (verify gauge readings and dectricd sgnd using apressuremds)

Tubing (verify good condition of dl tubing and connections, replace if necessary)
11.34  On-Site Analytical M ethods

The andyticd methods utilized in this sudy for on-Ste monitoring of feedwater and permesate water
quaity are described in the section below. Use of ether bench-top or on-line fidd andytica
equipment will be acceptable for the verification testing; however, on-line equipment isrecommended
for ease of operation. Use of ont-lineequipment isaso preferable because it reducestheintroduction
of error and the variability of anaytica results generated by inconsstent sampling techniques.

11.3.4.1 pH. Andysesfor pH shdl be performed according to Standard Method 4500-H. A
three-point cdibration of the pH meter used in this study shall be performed once per day when the
ingrumentisin use. Certified pH buffersin the expected range shal be used. The pH probe shall be
stored in the gppropriate solution defined in the insrument manud.

11.3.4.2 Turbidity. Turbidity anayses shal be performed according to Standard Method 2130
with ether an on-line or bench-top turbidimeter. On-lineturbidimetersshdl be used for measurement
of turbidity in the permeate waters, and either an on-line or bench-top turbidimeter may be used for
measurement of the feedwater (and concentrate where applicable).

The FTO shdl be required to document any problems experienced with the monitoring turbidity
ingruments, and shal aso be required to document any subsequent modifications or enhancements
meade to monitoring instruments.

11.35  Chemical and Biological Samples Shipped Off-Sitefor Analysis

Totd organic carbon (TOC) and UV absorbance samples shall be collected in glass bottles supplied
by the state- certified or third party- or EPA-accredited |aboratory and shipped at 4°C to theandytica
laboratory within 8 hours of sampling. The TOC and UV absorbance samples shdl be collected and
preserved in accordance with Standard Method 5010B.
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Table 6
Analytical Methods

Parameter Analysis Type Standard Methods™ number EPA Method®
or Other Method Reference
Field |[on-Line| Lab
General Water Quality
pH X X 4500-H+B 150.1/150.2
Total akalinity X X 2320B
Total Hardness X X 2340C
Calcium Hardness X X 3500-CaD
Temperature X X 2550B
Conductivity X X X 120.1
Tota Dissolved Solids X 2540C
Turbidity X 2130B/Method 2 180.1
Color X 212089
Tasteand Odor X
Inorganic Water Quality
Calcium X X 3500-CaD/3111B/3120B 200.7
Magnesium X 200.7
Sodium X 3111B 200.7
Potassium X 200.7
Ammonia X 350.3
Strontium X 200.7
Barium X 3111D/3113B/3120B 200.7/200.8
Iron X X 3111D/3113B/3120B 200.7/200.8/200.9
Manganese X 3111D/3113B/3120B 200.7/200.8/200.9
Carbonate, COs X Cadculation
Bicarbonate, HCOs X Calculation
Sulfate X 4110 B/ 4500-S04=C, D, F 300.0/375.2
Chloride X X 4110B / 4500-Cl-D 300
Nitrate X X 4110B/4500-NO3-D, F 300.0/353.2
Fluoride X 4110B/4500-FB,C,D,E 300
Carbon Dioxide X 6211 M
Hydrogen Sulfide X 376.1/2
Silica, SO, X 3120B/4500-S D, E, F 200.7
Organic Water Quality
Total organic carbon X 5310C
UV 254 absorbance X 5910B
AOC/BDOC X 9217
Microbiological
Total coliform X 9221/9222/ 9223
Heterotrophic Plate Count X 9215B
Notes:
1) Standard Methods Source: 20th Edition of Standard Methods for the Examination of Water
and Wastewater, 1999, American Water Works Association.
2) EPA Methods Source: EPA Office of Ground Water and Drinking Water. EPA Methodsare
availablefrom the Nationa Technica Information Service (NTIS).
3) Hach Co. modification of SM 2120 measured in spectrophotometer at 455 nm.
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Inorganic chemicd samples, including arsenic, dkdinity, hardness, duminum, iron, and manganese,
shdl be collected and preserved in accordance with Standard Method 3010B, paying particular
atention to the sources of contamination asoutlined in Standard Method 3010C. The samplesshould
be refrigerated a approximately 2 to 8°C immediately upon collection, shipped in a cooler, and
maintained at atemperature of approximately 2 to 8°C. Samplesshall be processed for andysis by a
state-certified or third party- or EPA-accredited Laboratory within 24 hours of collection. The
laboratory shal keep the samples at gpproximately 2 to 8°C until initiation of andyss.

Samples for andyss of Totd Coliforms (TC) and Heterotrophic Plate Counts (HPC) shall be
collected in bottles supplied by the state-certified or third party- or EPA-accredited |aboratory and
shipped with an internal cooler temperature of gpproximately 2 to 8°C to the analyticd laboratory.
Samples shall be processed for andysis by the state-certified or third party- or EPA-accredited
laboratory within 24 hours of collection. TC densitieswill be reported as most probable number per
100 mL (MPN/100 mL) and HPC dengties will be reported as colony forming units per milliliter
(cfu/mL).

120 OPERATION AND MAINTENANCE

The FTO shdl obtain the Manufacturer- supplied Operation and Maintenance (O& M) Manual to evauate
the ingtructions and procedures for their applicability during the verification testing period. The following
are recommended criteriafor evaluation of Operations and Maintenance (O& M) Manuas for equipment
employing RO/NF treatment.

12.1 Operation

Provide clear and concise recommendations for procedures related to proper operation of the RO/NF
treatment systems and equipment. Include as aminimum, information on the following:

Startup

— Initid gtartup of system
— Redart of the system after prolonged shutdown
Shutdown and membrane e ement preservation

—  Short term (less than 48 hours)

— Intermediate term (48 hours to 1 week)

— Long Term (more than one week)
Chemica Feed Systems

— Typeof chemicd to be used

— Doserate

— Automation of chemica control system (e.g., pH control of acid feed)
Tolerance of the system to operating conditions
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— Feed water temperature
— pH
— Okxidants (eg., chlorine)
— Maximum feed pressure and maximum alowable differentid pressure across each
dage
Adjustment to operating parameters

— Product water flux
— Recovery

12.2 Maintenance

Provide clear and concise procedures for performing maintenance on the system and its components.
Explicit ingructions for in-Stu deaning of membrane dements

— Chemicasto be used

— Guiddines and limitsfor pH, temperature

— Procedures for flushing before and after cleaning
— Recirculation rates and durations

Ingtructions for ingdling or replacing membrane dementsinto the system.
Recommended or required maintenance schedules for each piece of equipment.

A list of spare parts to be kept on hand.

12.2.1 Troubleshooting

Provide an explicit list of dlarm conditions that will be raised by the system.

— Pressure

— Temperature

- pH

— Pump Falure

— Chemicd feed low tank leve
Indicatewnhich darm conditionswill cause automatic system shutdown and provideingructions
for clearing each condition.

Provide detailed proceduresfor verifying integrity of membranes, o-rings, etc. on avessa-by-
vess basis.
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